A significant number of Southeast Asian mammal species described in the 19 th and 20 th 17 century were subsequently synonymized and are now considered subspecies. Many are 18 affected by rapid habitat loss and there is thus an urgent need to re-assess the conservation 19 status based on species boundaries established with molecular data. However, such data are 20 lacking for many populations and subspecies. We document via a literature survey and 21 empirical study how shotgun sequencing of faecal DNA is a still underutilized but powerful 22 tool for accelerating such evaluations. We obtain 11 mitochondrial genomes for three 23 subspecies in the langur genus Presbytis through shotgun sequencing of faecal DNA (P. 24 femoralis femoralis, P. f. percura, P. siamensis cf. cana). The genomes support the 25 resurrection of all three subspecies to species based on multiple species delimitation 26 algorithms (PTP, ABGD, Objective Clustering) applied to a dataset covering 40 species and 27 43 subspecies of Asian colobines. For two of the newly recognized species (P. femoralis, P. 28 percura), the results lead to an immediate change in the IUCN status to Critically Endangered 29 due to small population estimates and fragmented habitat. We conclude that faecal DNA 30 should be more widely used for clarifying species boundaries in endangered mammals. 32 Human impacts on the environment have rapidly accelerated species extinction via habitat 33 degradation and climate change. Recent report by Intergovernmental Science-Policy Platform 34 on Biodiversity and Ecosystem Services (IPBES) predicts that climate change has already 35 affected the distribution of nearly half (47%) of land-mammals 1 . Conservation efforts are 36 urgently needed but are hampered by the lack of data for a large number of mammal species, 37 subspecies, and populations which face imminent extinction 2,3,4 . A typical example is Asian 38 primates for which 70% of the species are threatened with extinction 5 . Effective conservation 39 programs are needed but they require a robust understanding of species numbers and 40 boundaries based on up-to-date taxonomic information 6,7 . Unfortunately, this information is 41 lacking for many rare, globally threatened, and elusive mammalian species. Many lack 42 molecular data and collecting these data is difficult because invasive sampling that would 43 yield fresh tissues is often not feasible.
Introduction
currently consists of three subspecies that were originally described as species because they 81 are distinguishable based on a combination of morphological characters. However, many 82 primatologists currently considered these characters insufficient for recognizing the three taxa 83 as species (see Table 1 ). 84 The nominal species, Presbytis femoralis, was described by Martin (1838) based on 85 specimens collected by Raffles (1821) from Singapore 16, 17 . Raffles' banded langur P. f. 86 femoralis occurs in southern Peninsular Malaysia and Singapore. East Sumatran banded 87 langur P. f. percura (Fig. 2 ) occurs only in eastern Sumatra and was described by Lyon HV1 and cyt-b) and a range of parameters (Table 3) . For ABGD, these subspecies would 173 only lump if unusually high priors for intraspecific divergences were used (priors>=0.0215).
174
These parameters are not likely to be appropriate because they also led to collapse of many boundaries were based on newly-obtained genetic data which allowed for the application of 243 explicit species delimitation methods. These new data and analyses revealed that many taxa 244 that were initially described as species and later downgraded to subspecies diverged well 245 before the Pleistocene and should be recognized as species; i.e., the morphological characters 246 that were used for the initial species descriptions were appropriate for the delimitation of 247 species and the subsequent lumping was not justified.
249
Resurrection of Presbytis femoralis, P. percura and P. robinsoni 250 Based on multiple species delimitation methods, high genetic divergence, placement in the 251 mitochondrial phylogenies, as well as distinct morphological differences, we here resurrect 252 the three species of P. femoralis from their current subspecific status ( and Riau is often one of the worst impacted areas, owing in part to its high concentration of peatland 51 . We thus infer that the area of occupancy, extent of occurrence and quality of and/or restricted population criteria, but P. robinsoni is certainly a taxon of conservation 320 concern and is here considered as Near Threatened.
321

An Urgent Need for Molecular Data for Additional Presbytis Populations 322
Our results highlight the need for sampling multiple populations of Presbytis species and 323 subspecies because even our limited fieldwork already provided strong evidence for the 324 widespread presence of cryptic diversity or inappropriate synonymization within Presbytis. 325 Additional data are also needed in order to be able to precisely assign samples. We collected 326 one faecal sample that was suspected to come from an individual of P. siamensis cf. cana. 327 However, its placement in the phylogeny reveals that it belongs to a genetically distinct 328 lineage that is more closely related to P. melalophos+mitrata than P. s. siamensis 329 ( Supplementary Fig. S2 ). If the sample was indeed from P. s. cana, then the taxonomy of the individual of P. melalophos/mitrata, its genetic distinctness suggests that these species 336 require more attention from taxonomists. In addition, it would mean that the geographic 337 ranges of the species need to be revised because the species are unknown from the place of 338 collection. Overall, either explanation is reasons for concern. Geographically, only P. s. Study is urgently needed and we submit that faecal samples would be the best way to rapidly 347 address the species limits and distribution of these undersampled Presbytis species. We lack 348 genetic data, even COI barcodes, for many subspecies of Presbytis and their distributions are One limitation of our study is the lack of nuclear data for species delimitation and 366 reconstructing relationships (e.g. Wang et al. 38 ). This is because mitochondrial data 367 represents matrilineage only. However, obtaining nuclear data from faecal samples remains challenging partially due to the low concentration of primate DNA in faecal samples. We 369 assessed the primate nuclear DNA content in these metagenomes and found that it was only 370 0.09-3.13% of total DNA in the faecal samples (Table 5 ). However, we do not think that the 371 lack of nuclear data seriously challenges our conclusions. Firstly, we reveal deep 372 mitochondrial splits of >2 million years between P. femoralis and P. percura. We think that it 373 would be more perilous to argue for the presence of one species based on identical 374 mitochondrial sequence because it could be caused by introgression. Secondly, these splits records by consulting the source publication and assessing the locality information provided 465 in order to update the taxonomic names given that many subspecies are now considered 466 species. We excluded those sequences for which the source information was incomplete. This 467 curated set of sequences was used for downstream distance based (Automated Barcode Gap 468 Discovery, ABGD 36 and Objective Clustering 37 and tree-based species delimitation analyses 469 (Poisson Tree Processes or PTP) 35 . We also included data for d-loop HV1 obtained by Abdul-470 Latiff et al. 28 for P. f. femoralis, P. f. robinsoni and P. siamensis siamensis from Malaysia.
471
Given that these sequences were not submitted to GenBank, we used Nijman 25 's 472 reconstruction of the sequences based on a table that lists all variable sites relative to a 473 reference sequence.
474
For analyses with PTP, we used three datasets: (1) The Asian colobine mitogenome dataset 475 based on genomes for Asian colobines (minimum length >10,000 bp). The sequences for the Semnopithecus vetulus (NC_019582) in addition to the above-mentioned sequences for fossil-516 based calibration. The fossil calibration dates used in this study also followed the dates used 517 by Meyer et al. 11 . For mitochondrial genomes, we analysed the data using the following 518 partitioning schemes: by codon (5 partitions: 1,2,3 codon for coding genes, 12S, 16S) and by 519 gene. We also tested partitioning by both gene and codon, but found the Effective Sample 520 Size (ESS) to be low for multiple parameters. For cyt-b dataset, we used the 1+2 and 3 codon 521 partitioning scheme 11 .
522
Divergence estimates were based on a relaxed log normal clock and a Yule prior. Site models 523 were unlinked across partitions, and a model-averaging approach was used as implemented in 524 bModelTest 71 . Two independent runs were conducted with 25 million generations with 525 sampling at every 1000 generations. Tracer v 1.7.1 was used to assess convergence, 526 LogCombiner 2.6.1 was used to combine the results and 10% burn-in removal was applied.
527
TreeAnnotator v 2.6.0 was used to summarize the trees.
528
Estimation of Host DNA Content in Faecal Metagenomes
529
In order to estimate the amount of host nuclear DNA in the faecal metagenomes, we mapped 530 the metagenomic reads to a colobine reference genome (Rhinopithecus roxellana: 531 GCF_000769185.1) using bowtie-2 under --end-to-end and ---very-sensitive mode. We next 532 excluded potentially contaminated reads that could correspond to humans. For this, the 533 mapped reads were retrieved from the resulting bam files using samtools. These were mapped Wilson Novarino (1. P. bicolor); Brent Loken (2. P. canicrus); Chien Lee (3. P. 788 chrysomelas); Andie Ang (4. P. comata); Andie Ang (5. P. femoralis); Milan Janda (6. P. 789 frontata); Mark Spence (7. P. hosei); Muhammad Azhari Akbar (8. P. melalophos); Jonathan 790 Beilby (9. P. mitrata); Martjan Lammertink (10. P. natunae); Andie Ang (11. P. percura); 791 SwaraOwa (12. P. potenziani); Andie Ang (13. P. robinsoni); David Tan (14. P. rubicunda); 792 Coke and Som Smith (15. P. sabana); Lee Zan Hui (16. P. siamensis); Gusmardi Indra (17. Table 4 . Taxonomic classifications of the type specimens of femoralis, percura, and 814 robinsoni followed by later authors since their first descriptions (non-exhaustive). 
